1: Non-normalized wavefunctions with FMO coeficients and FMO overlap matrices
Coefficients below a value of 0.05 are not displayed -the coefficients for Cs 6s (within A1 symmetry) are displayed separately. In the following, only one of symmetry-degenerate orbitals is named for cesium, per symmetry. The listing is as follows: T2: 5p: 5px, 5py, 5pz T2: 5d: 5dxy, 5dxz, 5dyz T2: 6d: 6dxy, 6dxz, 6dyz E: 5d: 5dx2-y2, 5dz2 E: 6d: 6dx2-y2, 6dz2 T1: 4f: 4 fx(z2-y2), 4 fy(z2-x2), 4 fz(x2-y2) For A1 symmetry, contour maps for the 5s and 6s orbital of Cs are added. These show a nodal plane for latter orbital. 
2: Energy Decomposition analysis
The Cs-O bonding was analyzed using an energy decomposition analysis (EDA). [1] In this EDA, the interaction is decomposed into three terms: First, we have the electrostatic term, ΔVelstat, which we expect to be dominated by Coulombic stabilization between the electron density of Cs + and the [O]4 fragment (and vice versa). Second stands the non-classical Pauli or exchange repulsion, between electrons possessing parallel spins. As bond formation between X and D4R will increase the number of electrons of parallel spin, the associated term ΔEPauli is repulsive. Finally, we consider the stabilizing orbital interactions, ΔEoi, involving the mixing and charge transfer between the orbitals of Cs + and those of [O]4. [2] We 
4: FMO Overlap Populations
The bonding and antibonding character of the orbitals has also estimated through calculation of the Orbital Overlap Populations (OOPs). These are shown in The values are, in general, in good agreement with Figure 4 of the main text: 1 A1 is bonding, 2 A1 (strongly) antibonding. The small value for 2 T2, even though small at the negative side of zero, indicates essentially non-bonding character, whereas there is some bonding for 3 T2. + for which one O-O bond length is 2.28Å). As we describe in the main text, and as will see below, a singlet-to-triplet switch, driven by formation of triplet O2, lowers this barrier. We underline that our computation of the lowered barrier is an estimate. Our methodology was the following: We computed a minimum energy pathway towards dissociation, starting from the singlet molecule, and calculating the energy of the triplet state for the same geometric excursion. At the start of the reaction coordinate, the singlet surface lies lower than the triplet surface. But at some point, the surfaces cross. We take this as the point around which the spin switch occurs. That point, although it constitutes a barrier, is not (necessarily) a saddle point with one imaginary frequency -for either the singlet or the triplet state. After the spin switch, triplet [CsO4] + dissociates readily to singlet [CsO2] + and triplet O2, with no barrier on its way. A similar estimate was made for the dissociation of [CsO2] + to Cs + and O2. The graphs below, display the decomposition along the closest O-O bond length, as representative of the reaction coordinate. We remind the reader, that for both O's, the Cs-O bond length also increases, along the reaction coordinate.
5: Cesium fluoride CsF7
[CsO4] 
14: Computational details
All calculations were performed using the PBE0 functional, using the Amsterdam Density Functional (ADF) program. 4 The numerical integration was performed using a refined version of the fuzzy cells integration scheme developed by Becke. 5, 6 The quality of this Becke grid was set to 'excellent' for all integrations, apart from the fragment analyses, where it was set to 'verygood'. The MOs were expanded in a large uncontracted set of Slater type orbitals (STOs) containing diffuse functions, of triple-ζ quality for all atoms, augmented with two sets of polarization functions (TZ2P). For all calculations, relativistic effects were accounted for by Zeroth-Order Regular Approximation (ZORA). 7 
